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(54) Method for manufacturing non-volatile memory device 



(57) A method of manufacturing non-volatile mem- 
ory devices, comprises the following steps: 



depositing a first layer (3) onto a semiconductor 
substrate; 



defining and selectively removing said first layer (4) 
to form a portion (5) of said first layer (4); 



depositing a second layer (7) to a first thickness 
over the entire memory device; 



forming a screening layer (8) on the second layer 
(7) to leave uncovered at least a portion (1 0) of the 
second layer (7) aligned to the portion (5) of the first 
layer (3); and 

partly removing the portion (1 0) of the second layer 
(7) such that the thickness of the portion (1 0) of the 
second layer (7) is made smaller than the first thick- 
ness. 
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Description 

Field of Application 

[0001] The present invention relates to a method of 5" 
manufacturing non-volatile memory devices. 
[0002] The invention specifically relates to a method 
of manufacturing non-volatile memory devices, which 
method comprises the following steps: 

w 

- depositing a first layer onto a semiconductor sub- 
strate; 

defining and selectively removing said first layer to 
form a portion of said first layen 15 



depositing a second layer to a first thickness onto 
the entire memory device. 

[0003] Although not limited to, the invention relates in 20 
particulartcra methocrfor improving the planarity of sem- 
iconductor integrated electronic devices, for instance, 
as the polysilicon gate electrode is defined during a non- 
volatile memory manufacturing process, the following 
description making reference to this field of application 25 
for convenience of illustration only. 

Prior Art 

[0004] As is well known, electronic non-volatile mem- 30 
ory devices, e.g. flash memories, integrated in a semi- 
conductor comprise a plurality of non-volatile memory 
cells arranged as an array, specifically an array of row 
or wordlines and columns or bitlines. 
[0005] Each non-volatile memory cell comprises a 35 
MOS transistor having a floating gate electrode, this be- 
ing an electrode that locates above its channel region 
and has a high DC impedance to all the other terminals 
of both the cell and the cell host circuit. 
[0006] The cell has a second or gate control electrode *o 
coupled capacitively to the floating gate electrode 
through an intermediate dielectric layer, known as the 
interpoly layer. The second electrode of the cell is driven 
by appropriate control voltages. Other transistor elec- 
trodes are the ordinary drain and source terminals. « 
[0007] In general, the memory cell array is associated 
control circuitry that includes a conventional MOS tran- 
sistor, having a source region separated from a drain 
region by a channel region. A gate electrode is also 
formed over the channel region and isolated from the so 
latter by a gate oxide layer. 

[0008] The process steps for manufacturing a mem- 
ory array and its circuitry are the following: 

- forming active areas for the memory array and cir- ss 
cuitry; 

- growing a layer of an active oxide, known as the 
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tunnel oxide, over the active areas; 

- depositing a first polysilicon layer onto the whole de- 
vice; 

defining floating gate electrodes in the array region; 

depositing a dielectric or interpoly layer, e.g. of ONO 
(Oxide /Nitrate/Oxide); 

forming a photolithographic mask, referredto asthe 
MATRIX mask, on the memory array for etching 
through the interpoly layer and the first polysilicon 
layer of the circuitry; 

growing one or more active gate oxides over both 
the circuitry and the memory array; 

- depositing a second polysilicon layer; 

defining 1he control gate electrodes of the array 
cells in said second polysilicon layer by exposing 
through a SAE (Self-Aligned Etch) mask; 

- defining the gate electrodes of the transistors in the 
circuitry by - exposing through the circuitry mask; 
and 

- forming the transistor source and drain regions and 
metal layers. 

[0009] In this way, the memory cell transistors, com- 
prising two polysilicon layers, are formed thicker than 
the circuitry transistors. 

[0010] In particular, memory devices realized with 
technologies that effectively define dimension of 0.15 
urn or less, the difference in thickness between the array 
regions where the memory cells are provided and the 
circuitry regions where the control devices are provided 
becomes more and more substantial. 
[001 1] In particular, the thickness of the second poly- 
silicon layer, which is deposited onto the first polysilicon 
layer to realize the control gate electrodes of the mem- 
ory cells and the gate electrodes of the circuitry transis- 
tors formed simultaneously therein, will be much smaller 
then the combined layers that are deposited to form a 
memory cell. 

[0012] In the instance of a flash memory cell, the over- 
all thickness of the stack structure, comprised of the tun- 
nel oxide, first polysilicon, interpoly dielectric, and sec- 
ond polysilicon layers, may be approximately 4100 A, 
with a thickness of the stack structure of the circuitry, 
comprised of the gate oxide and second polysilicon lay- 
ers, that amounts to 2600 A. 

[0013] Therefore, the array has a thickness increase 
of about 1500 A over the circuitry. This difference cre- 
ates a "step" between the array and the circuitry struc- 
ture, which disallows a uniform spread over the device 
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regions of subsequently applied layers, such as anti-re- 
flective BARC layers or layers of a light-sensitive mate- 
rial employed to define the polysilicon layers of the 
memory cells. 

10014} " On account of these thickness differences on 
the device, there will be formed some regions of uniform 
thickness where the required lithographic dimensions 
can be correctly defined for the memory cells, and some 
regions of non-uniform thickness where problems of lo- 
cal lithographic focusing can be observed. The result is 
a memory cell gate electrode whose dimensions are dif- 
ferent from specifications, being usually narrower than 
is required for proper performance of the device. 
[0015] In this situation, reliability of the device is lost 
in significant aniounts, enough to induce the rejection of 
the device and loss of yield already during the testing 
stage. 

[0016] It can be appreciated, therefore, that a differ- 
ence in thickness between circuit structures can hinder 
a (dimension-wise) correct definition of each portion in 
the broad Tegion where thememory array is formed: As 
just mentioned, this difference in thickness can be due 
to different steps of the manufacturing process. 
[001 7] The underlying technical problem of this inven- 
tion is to provide a method of manufacturing circuit struc- 
tures, which has features appropriate to ensure uniform 
thickness of the several portions of an electronic circuit, 
and to overcome the limitations and/or shortcomings of 
prior devices. 

Summary of the Invention 

[0018] The resolvent idea of this invention is one of 
carrying out an etching step on any circuit structures of 
greater thickness than other circuit structures, whereby 
the thickness of the former can be reduced and made 
uniform with the thickness of the integrated circuit-. 
[0019] Based on this idea, the technical problem is 
solved by a method as previously indicated and as de- 
fined in the characterizing part of Claim 1 . 
[0020] The features and advantages of the method of 
this. invention will be apparent from the following de- 
scription, given by way of non-limitative example with 
reference to the accompanying drawings. 

Brief Description of the Drawings 

[0021] In the drawings: 

Figures 1 to 4 are respective schematic sectional 
views of a portion of an integrated circuit during the 
successive steps of the method according to the in- 
vention. 

Detailed Description 

[0022] The processing steps described herein are not 
exhaustive of an integrated circuit manufacturing proc- 



ess. This invention can be implemented along with tech- 
niques that are conventional in the manufacturing of in- 
tegrated circuits, and only such conventional manufac- 
turing steps will be considered as may come useful in 

5 disclosing the invention. 

[0023] The cross-section views provided by the draw- 
ings to illustrate portions of an integrated circuit during 
its manufacturing process are not drawn to scale but 
rather to delineate major features of the invention. 

10 [0024] A method of manufacturing non-volatile mem- 
ory devices will now be described with reference to the 
drawing views. 

[0025] As said before, electronic non-volatile memory 
devices, e.g. flash memories, integrated in a semicon- 

15 ductor, comprise a plurality of non-volatile memory cells 
laid out as an array of such cells, wifh the cells arranged 
into rows or wordlines and columns or bitlines. 
[0026] Each non-volatile memory cell comprises a 
MOS transistor having, located above its channel re- 

20 gion, a floating gate electrode, i.e. an electrode that has 
a "high DC impedance to all the other terminals of the 
cell and the cell host circuit. 

[0027] The cell has also a second or gate control elec- 
trode coupled capacitively to the floating gate electrode 

25 through an intermediate dielectric layer, known as the 
Interpoly layer. The second electrode of the cell is driven 
by appropriate control voltages. Other transistor elec- 
trodes are the ordinary drain and source terminals. 
[0028] In the state of the art, the memory cell array is 

30 associated control circuitry that includes conventional 
MOS transistors, each having a source region separat- 
ed from a drain region by a channel region. A gate elec- 
trode is also formed over the channel region and isolat- 
ed from the latter by a gate oxide layer. 

35 [0029] The process steps for manufacturing the mem- 
ory array 1 and its circuitry 2 include the following: 

- forming active areas forthe memory array 1 and cir- 
cuitry 2; 

40 

growing a layer 3 of an active oxide, known as the 
tunnel oxide, over the active areas; 

depositing a first polysilicon layer 4 onto the whole 
4* device; 

defining floating gate electrodes 5 for the memory 
array 1 in the first polysilicon layer 4; 

so - depositing a dielectric or interpoly layer 6, e.g. of 
ONO (Oxide/ Nitrate/Oxide); 

- forming a photolithographietnask, referred to as the 
MATRIX mask, on the memory array 1 for etching 

55 the interpoly layer and first polysilicon layer away 
from the circuitry; 

- growing at least one active gate oxide layer overthe 
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circuitry 2; 

depositing a second polysilicon layer 7 onto both 
the circuitry 2 and the memory array 1 , thereby to 
provide control gate regions 9 of the memory cells s 
and gate regions of the circuitry transistors. 

[0030] According to the invention, a photolithography 
mask 8 is formed at this step which will cover the circuitry 
2 but for a portion 1 0, aligned to the memory array 1 , of 10 
the polysilicon layer 7, as shown in Figure 1. 
[0031] This mask 8 advantageously leaves uncov- 
ered also an outer peripheral portion of the memory cell 
array 1 . This mask 8 realizes a screening layer for the 
polysilicon layer 7. is 
[0032] An etching operation is then performed on the 
second polysilicon layer 7. This will reduce the thickness 
of the second polysilicon 7 and, hence, that of the whole 
memory cell in the array. 

[0033] Advantageously in this invention, approxi- so 
mately one third the thickness of the second polysilicon 
layer 7 is removed. 

[0034] The second polysilicon layer 7 is advanta- 
geously applied a dry etch. 

[0035] The mask 8 is then removed as shown in Fig- 2S 
ure 2. 

[0036] The memory device manufacturing process of 
the invention is now continued conventionally to form a 
self-aligned etching mask 11 as shown in Figure 3. 
[0037] Thereafter, a conventional etching step is car- 30 
ried out to define the floating gate electrodes of the 
memory cells, as shown in Figure 4. Conventional 
processing steps will ultimately form finished memory 
cells and circuitry transistors. 

[0038] Advantageously, the etching should leave pro- 35 
tuberances 12 on the second polysilicon layer 7. at the 
memory array periphery. Such protuberances are not 
removed by the etch because screened by the mask 8. 
These protuberances can be utilized to advantage as a 
barrier for the layers later to be deposited. 40 
[0039] Summarizing, the method of this invention al- 
lows the thickness of the second polysilicon layer to be 
reduced, such that any non-uniformity of the layer and 
from the underlying structures can be smoothed away. 
[0040] Advantageously, the problems in defining pho- *s 
tolithographically the next layers due to a different thick- 
ness of the underlying layer are thus removed. 
[0041] In particular, the process of this invention is ad- 
vantageous especially when only portions of the elec- 
tronic device require to be smoothed. so 
[0042] In the latter respect, the invention enables se- 
lective etching of the structures to be leveled off. By such 
selective etching, both a layer thickness to be attenuat- 
ed and the size of the layer portion affected by the re- 
moval can be accurately controlled. 55 
[0043] Although reference is made in the above de- 
scription to memory cell formation that comprise a float- 
ing gate transistor, the process of this invention is also 



useful where other areas of circuit structures provided 
in an integrated circuit require to be smoothed. 



Claims 

1. A method of manufacturing non-volatile memory 
devices, comprising the following steps: 

- depositing a first layer (3) onto a semiconductor 
substrate; 

defining and selectively removing said first lay- 
er (4) to form a portion (5) of said first layer (4); 

depositing a second layer (7) to a first thickness 
over the entire memory device; 

the method being characterized in that it compris- 
es the following steps: 

- forming a screening layer (8) on said second 
layer (7) to leave uncovered at least a portion 
(1 0) of said second layer (7) aligned to said por- 
tion (5) of said first layer (3); and 

- partly removing said portion (1 0) of said second 
layer (7) such that the thickness of said portion 
(10) of said second layer (7) is made smaller 
than said first thickness. 

2. A method of manufacturing memory devices ac- 
cording to Claim 1 , characterized in that said step 
of partly removing said portion (10) of said second 
layer (7) is a dry etching step. 

3. A method of manufacturing memory devices ac- 
cording to Claim 1 , characterized in that said step 
of partly removing said portion (10) of said second 
layer (7) is effective to remove about one third of 
said layer thickness. 

4. A method of manufacturing memory devices ac- 
cording to Claim 1, characterized in that said 
screening layer (8) leaves uncovered a portion (1 0) 
of the second layer (7) that is larger than the first 
portion (5). 

5. A method of manufacturing memory devices ac- 
cording to Claim 4, characterized in that a barrier 
layer (12) is formed around said portion (1 0) of the 
second layer (7). 

6. A method of manufacturing memory devices ac- 
cording to Claim 1 , characterized in that a third 
layer (3) is deposited between said semiconductor 
substrate and said first layer (4), and that a fourth 
layer (6) is deposited between said first layer (4) and 
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said second layer (7). 

7. A method of manufacturing memory devices ac- 
cording to Claim 6, characterized in that said first 
and second layers are identical. s 

8. A method of manufacturing memory devices ac- 
cording to Claim 7, characterized in that said first 
and second layers are polysilicon layers. 

•- -■ 10 

9. A method of manufacturing memory devices ac- 
cording to Claim 6, characterized in that said third 
and fourth layers (3,6) are a dielectric layer. 

10. A method of manufacturing memory devices ac- is 
cording to Claim 7, characterized in that the float- 
ing gate and control gate regions, respectively, of a 
memory cell are provided in said first and second 
layers (4,7), respectively. 

20 
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